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In ecological studies average bodily water content is a common stastistical 
parameter, normally calculated by a simple arithmetical operation that 
requires a knowledge of each individual biomass measured in the whole 
sampled population. In this paper, we propose a new method allowing a more 
rapid calculation of the same biological parameter, using only the linear 
equation between fresh and dry body weights and the knowledge of dry body 
weights of the biggest and the smallest individual belonging to the sampled 
animal population. 

We illustrate our proposal with the results of a field study on water 
balance in a Collembolan population of Tomoceridae, Tomocerus minor 
(Lubbock). This soil insect population originated from the top soil under 
bogs or litter layer of the research area in a mixed woodland at Brunoy, near 
Paris. 24 individuals were weekly caught at random at a field station during 
four years (1973-1976). We give here only a part of our results, concerning 
the annual cycle in 1975. 

It took us a few minutes to sample these active minute animals and to 
bring them back to the laboratory for weighing on Cahn Electrobalance. They 
were then dried over actigel at 0% R. H. for 48 hours in order to measure 
their dry body weight. 

It is now easy to compute a linear equation by regression between fresh 
body weights (Y) and dry body weights (X) when a Collembolan population of 
24 individuals is handled: 

Y=aX+b (1) 


The slope a is always positive and the correlation coefficient is highly signi- 
ficant between Y and X. 
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we can establish the true equation linking water concentrations to dry body 
matter, replacing Y by its above value (equation 1) : 


If W is called bodily water content of an animal as the ratio 


W-(a—D4 2 (2) 


where a and b are respectively slope coefficient and constant of the linear 
equation (1). 

When integrating the previous hyperbolic equation (2), we can find the 
formula of the integral mean (Wj), within two limits that are dry body weight 


of the biggest animal (Xmax) and dry body weight of the smallest one (X,,4,) : 
‘x b X 
mat J) 4 —dX =(a—I) (XK —X L Dia 
aie (a—I) 4 X dX = (a — I) (X nax — X mm) +b In x 
b X ux (3) 
thus, W, = (a— I) + EY .--- In = 


It is very interesting to note that the integral mean is totally independent of 
the number of soil insects collected from the field. 
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Fic. 1. — Weekly variations of average bodily water content during the year 1975 


in a Collembolan population (Tomocerus minor), showing that values calculated 
by the integral mean closely follows the values calculated by the arithmetical 
mean. 
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TaBLE I 


Data required from field population to calculate bodily water content averages 

in Tomocerus minor (Collembola, Insecta) using the formula of integral mean; a and b 

are respectively slope coefficient and constant of linear equation between fresh 

and dry body weights ; X,,, and Xni, are dry body weights of the biggest and the smallest 
animal of the sampling, in milligrams 


Weekly time 


4.0905 .09 .134 -832 E .| 3.7091 | + 0.0858 


3.3749 .154 0.580 E wees] 3.2916 | + 0.1213 


3.0810 D 0.120 0.608 f 5.....| 2.6929 | + 0.3125 


— 0.1856 | 0.062 1.200 5-V ....] 3.8682 | — 0.0661 


— 0.1914 | 0.128 0.498 | 2I-VII-75....| 3.8872 | — 0.0527 


.| 4.0890 | — 0.0749 | 0.150 1.198 | 20-VIII-75...| 3.6740 | + 0.0058 


18-11-75....| 4.6967 | — 0.1405 | 0.146 1.128 | 25-VIII-75...| 3.2627 | + 0.0117] 0.090 


25-I11-75....| 3.1078 | + 0.2241] 0.102 0.592 £. 3.8721 | + 0.0108] 0.106 


3-I1I-75....| 3.6991 |+ 0.0698] 0.140 5: 8-IX-75.....| 4.3006 | — 0.0048 | 0.044 


17-I11-75...| 3.0034 | + 0.3426 | 0.132 5-IX-75....| 3.4214 ] 0.110 


21-IIT-75...| 4.2769 | — 0.0158 | 0.130 2-IX ..| 3.0035 | + 0.12 0.118 


28-III-75...| 3.2478 | + 0.2032] 0.060 .518 2 3.5895 .112: 0.118 


8-IV-75.....| 3.1637 | + 0.1739] 0.114 3 20-X-7t -113 .1326 | 0.138 


14-IV-75....| 3.0676 |+ 0.2057 | 0.070 -72 27-X-7 3274 .04 0.052 


3.0746 | + 0.2381 | 0.064 


3.6333 |— 0.0111] 0.114 0.600 > ..| 3.3607 | + 0.0982 


3.1816 | + 0.1714] 0.080 0.720 9-XI-75....| 2.9685 | + 0.1994] 0.070 


2.9233 | + 0.1828] 0.074 0.694 | 23-XI-75....] 3.4611 + 0.0193| 0.124 


20-V-75.....| 3.0559 | + 0.0651 | 0.168 0.724 XII-75....| 2.8953 | + 0.1733] 0.098 0.640 


75.....| 3.0331 | + 0.1106] 0.174 0.690 X -++-| 2.9943 | + 0.1385] 0.160 0.832 


2-V1-75.....| 3.0311 | -+ 0.0847] 0.030 0.700 5-XII-75...| 5.1521 |— 0.3984] 0.074 1.022 


9-V1-75.....| 2.9081 | + 0.1664 | 0.186 0.578 | 21-X11-75...| 4.7279 | — 0.4267] 0.164 1.006 


16-VI-75....| 3.1961 | + 0.2362 | 0.162 0.700 
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This third formula is now used to calculate the weekly average bodily 
water contents in the Collembolan population from the data that are gathered 
in table I. 

Moreover, we also calculated average bodily water contents by a simple 
W, + Wo +... + Wa Y,—X, 

24 where W, — X, 

Both these results, W; and W,, are plotted on a graph (Fig. 1, water 
content against weekly time). One can see that the water content variation 
calculated from the integral mean follows closely the water content variation 
calculated from the arithmetical mean. So the formula of the integral mean 
which only uses two parameters (a and b) and two measured biomass values 
(Xmin and Xmax) seems to us sufficiently accurate for estimating bodily water 
content averages of a Collembolan population throughout an annual cycle. 
It is further confirmed when we want to find the average annual bodily water 
content in 1975: we obtained 277.73 96, s — 28.69 from the integral mean and 
280.96 96, s — 29.20 from the arithmetical mean. 

In addition, we must also note the inverse variation of coefficient a and 
constant b in the serie of linear equations (1) and we found a negative corre- 
lation coefficient r = — 0,800 which is highly significant. The change of sign 
of constant b is of a great importance because it determines the sign of the 


arithmetical process: W, 


derivative of equation (2), w=, and consequently the positive or 


negative direction of water content evolution inside the insect population. 
In other words, the sign of b indicates beforehand if older individuals are 
more hydrated than are younger ones, or inversely. This alternative has 
been discussed in previous papers (VANNIER, 1975, 1977). 


RESUME 


Dans les études écologiques, la teneur en eau corporelle moyenne est un para- 
métre banal, communément calculé par une simple opération arithmétique qui 
requiert la connaissance de chaque biomasse individuelle composant la popula- 
tion échantillonnée. En supprimant le calcul des pourcentages de teneur en eau, 
lauteur propose une nouvelle méthode permettant d'appréhender le méme para- 
métre en utilisant d'une part le coefficient de pente et la constante de l'équa- 
tion linéaire entre les poids frais et les poids secs et d'autre part le poids sec 
du plus petit et du plus grand animal faisant partie de la population. Cette pro- 
position est illustrée avec les données d'une étude de terrain sur la balance 
hydrique dans une population de Tomocerus minor (Collembole Entomobryo- 
morphe) au cours d'un cycle annuel. 


LITERATURE 


VANNIER (G.), 1975. — Les trois cas de figure de la relation teneur en eau corpo- 
relle-poids sec mis en évidence chez un Insecte Collembole au cours du 
cycle annuel. C. R. Acad. Sc. Paris, 280: 117-120. 

VANNIER (G.), 1977. — Water relationships in two species of Tomoceridae (Insecta, 
Collembola), a cave-dwelling species and a top soil layer species. Rev. Ecol. 
Biol. sol, 14: 31-35. 


REVUE D'ÉCOLOGIE ET DE BIOLOGIE DU SOL 


